Introduction
The aging of society has increased the number of cases of cervical spine disorder. Improved surgery, including cervical laminoplasty for posterior decompression, has resulted in favorable outcomes in many cases (Hirabayashi et al. 1981 , Kurokawa et al.1983 ). Instrumentation such as pedicle screws used in lumbar surgery has also been developed for treatment of cervical deformities caused by aging (Abumi et al.1994 (Abumi et al. & 1997 . However, increased use of these surgical methods has also increased the risk of complications (Abumi et al.2000) , which must be avoided to obtain good surgical results. Preoperative evaluation using CT imaging is important in cervical spine surgery, since this spine includes the spinal cord and vertebral artery, damage to which has the risk of tetraplegia or may be life threatening (unlike the cauda equina in the lumbar spine). The efficacy and key points of CT imaging for preventing postoperative complications in cervical spine surgery are discussed in this chapter.
Preoperative CT imaging in cervical spine surgery 2.1 Posterior decompression surgery (cervical laminoplasty) 2.1.1 Preoperative CT evaluation for safe laminoplasty procedures
Cervical laminoplasty is commonly performed for posterior decompression and gives favorable outcomes. This procedure is simple and effective, but preoperative CT evaluation is important for increasing safety and shortening the operative time. Laminoplasty can be performed using unilateral open door laminoplasty (Hirabayashi et al.1981) or French door laminoplasty (Kurokawa et al.1983) . In both procedures, use of an air drill is common to make a gutter on the lamina. Thus, preoperative evaluation of the thickness and extent of sclerosis of the lamina on CT is helpful for making the gutter while avoiding intraoperative iatrogenic injury of the dura mater, nerve root or spinal cord by excessive use of the air drill ( Fig.1A,B ). Among the C3 to C7 laminae, those at C4 and C5 are generally thin. However, the thickness of each lamina varies with age, gender and disease, and therefore preoperative assessment of the thickness of the lamina is helpful for shortening the operative time. Careful and repeated evaluation of the residual lamina intraoperatively is also important to avoid excessive drilling.
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A B C D Fig. 1 . Preoperative CT findings. A. Facet joints had little degeneration, which made it easy to determine the position of the gutter (arrow) B. Since the lamina in this patient was thin, care is required to avoid damage to the dura mater or spinal root during drilling. C, D. In a patient with Klippel-Feil syndrome, the lamina was thick and facet degeneration and fusion can be seen. Spontaneous bony fusion was clear on 3D CT.
Since the gutter is made only at the medial end of the facet joint in laminoplasty ( Fig. 1A , arrow), it is important to avoid deformity or degenerative changes of the facet joint and lamina. In patients with cerebral palsy and Klippel-Feil syndrome, facet joints are often severely degenerated or may have undergone spontaneous fusion (Fig. 1C,1D ). In these cases, it may be difficult to identify the position at which the gutter should be made without preoperative evaluation by CT. If the gutter is positioned too laterally, there is a risk of vertebral artery (VA) injury by drilling into the transverse foramen. 3DCT may also be useful for assessment of spontaneous bony fusion ( Fig. 1D ). Thus, comparison of preoperative CT images with intraoperative findings can avoid disorientation during surgery, while estimation of the lamina thickness on preoperative CT is helpful for use of the air drill.
CT evaluation for predicting a risk of C5 palsy after cervical laminoplasty
C5 palsy is a serious postoperative complication of laminoplasty that can cause paralysis in the upper extremities and severe pain. The incidence of C5 palsy after cervical laminoplasty has ranged from very low to 30% in previous reports (Satomi et al.1994 , Wada et al.2001 , Chiba et al.2002 , Hasegawa et al.2007 . C5 palsy has been recognized for 30 years, but preventive and therapeutic methods have yet to be established. Various aspects of the surgical procedure, pathology of the spinal cord, and impairment of the nerve root are implicated as causes of C5 palsy, but its low prevalence in most studies has prevented clarification of the pathology and resultant development of preventive methods.
In a multicenter study performed in 2010, we evaluated radiological findings in patients with C5 palsy (manual muscle test (MMT) score < 3) after cervical laminoplasty and searched for features on preoperative imaging that might help to predict its occurrence (Imagama et al.2010) . We reviewed 1858 patients who had undergone cervical laminoplasty in institutes of the Nagoya Spine Group and identified 43 (2.3%) who developed C5 palsy with a MMT (MRC) grade of 0 to 2 in the deltoid, with or without involvement of the biceps, but without loss of muscular strength in any other muscles. These criteria ensured that only cases of definite C5 palsy were included in the analysis. The clinical features and radiological findings were compared for patients with (group P) and without (group C) C5 palsy, using results from plain radiographs, MRI and CT. In this chapter, we focus mainly on the CT findings, which included the width of the intervertebral foramen at C5 ( Fig. 2A) , the anterior protrusion of the superior articular process of C5 ( Fig.2B ), the presence of hinge dislodgement, and the position of the bony gutter ( Fig. 2C ). CT images were acquired in the horizontal plane of the intervertebral disc. The width of the C5 intervertebral foramen was measured at its narrowest point and the anterior protrusion of the superior articular process of C5 was measured at its most prominent point. The gutter position was expressed as the ratio of the distance between the midline of the vertebral column at C5 and the medial point of the gutter relative to the distance between the midline of the vertebral column at C5 and the most medial part of the facet joint (Fig. 2C ). The radiographic measurements (mm) of individual images were adjusted to give the actual length. A Mann-Whitney U test was used for statistical analysis, with p < 0.05 taken to indicate significance. On CT measurements, a difference in width between the intervertebral foramina was found in 20 patients (47%), and in 16 (80%) the side of narrowing corresponded with the side that was paralyzed. In group P, the mean width of the intervertebral foramen was significantly less on the paralyzed side than on the normal side (1.6 vs. 2.1 mm, p = 0.0043) ( Table 1, The mean anterior protrusion of the superior articular process of C5 was significantly greater on the paralyzed side than on the normal side (5.1 vs. 4.3 mm, p = 0.029). In group C, the mean width of the C5 intervertebral foramen (4.3 mm) was significantly greater and the degree of anterior protrusion of the superior articular process of C5 (3.5 mm) was significantly less than the respective values on the paralyzed or normal side in group P (p < 0.0001) ( Table 1 and Fig. 4 ). In group P the ratios reflecting the position of the bony gutter were 85.4% on the paralyzed side and 85.6% on the normal side, whereas in group C these ratios were 81.6% on the right and 82.4% on the left side, with no significant effect on the development of C5 palsy (Table 1 and Fig. 5 ). There were no cases of dislodgement of the hinge. Fig. 5 . Position of the bony gutter. In group P, the gutter tended to be more lateral than in group C, but there was no significant relationship between the position of the bony gutter and development of C5 palsy.
On MRI, there were no significant differences between the two groups in the number and location of the compressed levels, or in the prevalence and range of the high intensity area. However, the mean postoperative posterior shift of the spinal cord at C4-C5 was 3.9 mm (range: 0 to 7.5 mm) in group P and 3.0 mm (0 to 7.5 mm) in group C (p = 0.0091) (Table 1 and Fig. 6 ). On plain radiographs, there was no significant difference in the cervical lordotic angle, intervertebral angle, local kyphosis angle, cervical alignment, intervertebral instability or listhesis pre-and postoperatively between groups P and C. These results provided the first imaging evidence of nerve root impairment of C5 palsy using CT and MRI in a multicenter comparative study. Tsuzuki et al. previously suggested that the pathology of C5 palsy includes impairment of the C5 nerve root, based on a demonstration in cadavers that impingement of the nerve root occurs inside the intervertebral joint with backward shifting of the spinal cord after laminoplasty (Tsuzuki et al. 1993 ). Furthermore, the superior articular process of C5 protrudes in a more anterior direction than those at other levels, the rootlets and root of C5 are shorter than those of other segments, and the C5 segment is usually the point at which the extent of posterior shift of the cord is greatest. These anatomical reasons may account for easier C5 nerve root impingement after laminoplasty. However, radiological evidence of nerve root impingement has not been obtained in previous studies because of the small number of cases and the mixing of patients with C5 palsy with those with paralyses of other nerves. In our study, the significantly greater posterior shift of the spinal cord on MRI in patients with C5 palsy indicated tethering of the nerve root, which might be made worse by the tendency of the bony gutter to adopt a more lateral position in these patients. The CT findings also support this argument. We also found that cases of C5 palsy accompanied by pain in the area of the C5 root accounted for about 80% of those in which root impairment was suspected clinically. This suggests that C5 palsy is more likely to be due to C5 root impairment than to spinal cord pathology.
We speculate that foraminotomy with laminoplasty may be useful for a case in which there is a risk of development of C5 palsy. A significant posterior shift of the spinal cord due to excessive expansion can easily lead to this lesion, and avoidance of tethering of the cord by excessive laminoplasty may prevent postoperative palsy of the C5 nerve root. Most cases of C5 palsy heal after conservative treatment; however, some severe cases do not recover and foraminotomy may be useful to treat patients with C5 palsy associated with severe pain or motor paralysis (MMT = 0 or 1), even after laminoplasty.
Instrumentation surgery for the posterior cervical spine 2.2.1 Screws in posterior cervical instrumentation
For most degenerative cervical diseases with myelopathy, cervical laminoplasty is sufficient for a good postoperative outcome. However, some patients with cervical kyphosis and/or cervical instability have poor clinical outcomes with posterior decompression surgery only (Abumi et al.1999) . In most trauma cases, cervical spine fusion with instrumentation is required. Good correction and fusion can be achieved with instrumentation and this may give good long-term surgical results, even in patients with preoperative cervical spine deformity and cervical instability (Fig. 7A ). Recently developed pedicle screws, lateral mass screws and laminar screws have contributed to attainment of strong fixation (Yukawa et al.2006) (Fig. 7B ). However, vertebral arteries (VAs) are present in the transverse foramen of the cervical spine and injury to these arteries may cause serious postoperative complications with insertion of these screws. VA injury may increase intraoperative excessive bleeding or postoperative cerebellar infarction due to a thrombus, which may increase mortality. Therefore, careful preoperative evaluation of CT findings is very useful for surgical planning.
Preoperative CT evaluation of the VA for risk management in posterior cervical instrumentation surgery
There is a risk of VA injury when the lamina is exposed, especially at occipital-cervical junctions where the C1 posterior arch is deep and soft tissue is thick. In instrumentation surgery, more working space for safety and exposure of soft tissue from the cervical spine are required. It is important to define the VA location preoperatively on CT, since the location of the VA varies in individuals. Contrast 3DCT is particularly effective for defining the relationship between the lamina and VA, compared to contrast MR angiography (Fig. 8 ).
If soft tissue is exposed roughly without recognition of the variable VA location, this may lead to VA injury at a very early stage of surgery. Fig. 8 . Preoperative contrast 3DCT. 3DCT can be used to define the relationship between the lamina and VA. In this case, there is a risk of left VA injury. 3DCT also clearly revealed facet degeneration at left C4/5 and C5/6.
It is also important to consider anomalies in the C2 transverse foramen when inserting C2 pedicle screws. A high riding VA (a case in which the transverse foramen is located very close to the C2 pedicle) makes it difficult to insert C2 pedicle screws without a high risk of VA injury and the instrumentation should be changed in these cases. Multiplanar reconstruction CT (MPR-CT) images are useful to identify a high riding VA (Fig. 9 ). Fig. 9 . High riding VA on preoperative contrast MPR-CT. This case had a high riding VA at C2 and insertion of a C2 pedicle screw was not performed to avoid VA injury.
For other cervical spine cases, CT findings of the size of the lateral mass and width of pedicles and laminae are very important for achieving successful posterior cervical spine fusion with screw fixation (Fig. 10) . For these reasons, evaluation of preoperative CT findings is important for choice of effective and safe anchors for successful cervical instrumentation surgery.
Prediction of the risk of C5 palsy after cervical instrumentation surgery
C5 palsy is also a concern after cervical instrumentation surgery. Several recent studies have shown an increased incidence of postoperative C5 palsy in cases treated with posterior decompression and instrumented fusion (Abumi et al.2000 , Heller et al. 1995 , Hojo et al. 2010 , with one study showing a rate that was 11.6 times higher than that without instrumentation (Takemitsu et al. 2008) . One cause of C5 palsy after instrumented corrective fusion may be iatrogenic foraminal stenosis following correction of cervical alignment. In use of instrumentation for cervical degenerative disease with kyphosis or instability, the aim is both decompression of the spinal cord and forward correction of cervical alignment to a lordotic position. In posterior fusion with instrumentation, the C5 intervertebral foramen may become stenotic after surgery, in addition to the anatomical disadvantages of C5 nerve root impingement after decompression surgery and the apex of cervical lordosis at C5. Therefore, it is important not to overcorrect the cervical deformity and to avoid a compression force between screws, with use of concomitant foraminotomy with instrumented cervical surgery for decompression of the nerve root. It is difficult to define the appropriate extent of correction to avoid C5 palsy, but we believe that correction to the extent of the preoperative cervical alignment at the cervical extension position may be safe. The effect of foraminotomy for C5 palsy after instrumented cervical surgery is unclear. However, some risk factors for C5 palsy after instrumented cervical surgery were identified by colleagues at our hospital in a review of 84 patients who underwent posterior instrumented fusion using cervical pedicle screws for nontraumatic lesions (unpublished data). The pre-and postoperative width of the C5 intervertebral foramen on CT were significantly narrower in patients that did not develop C5 palsy and postoperative posterior shift of the spinal cord at C4-C5 tended to be greater in those with C5 palsy. These results suggest that concomitant foraminotomy with instrumented cervical spine surgery may be useful for preventing C5 palsy, especially in patients with a narrow C5 foramen preoperatively. Further investigations are needed to examine these issues.
Conclusion
In this chapter, we discussed the importance and efficacy of preoperative CT evaluation in posterior cervical spine surgery. Plain CT can reveal detailed bone information, while contrast CT shows the relationship between vascular elements, including the VA, and the spine. The indication of cervical posterior surgery has increased with aging of society and advances in cervical spine surgery. A good surgical outcome is likely in most cases, but preoperative evaluation is important for a good result and avoidance of complications, even in relatively simple procedures such as laminoplasty. There are still problems to resolve in cervical surgery, such as development of C5 palsy, but our CT findings suggest that preventive and therapeutic methods are possible. Thus, CT evaluation is valuable in posterior spine surgery. Further evaluation of the various types of CT imaging (plain, MPR, 3DCT, and contrast) is required to determine the appropriate methods for different types of surgery and disease.
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